The Building Energy Management System (BEMS), a well-known system that has been implemented in some energy corporations, has become attractive to many companies seeking to better monitor their energy consumption efficiency. This study investigated the external factors that influence acceptance of the BEMS from managerial perspectives. An extended model based on the Technology Acceptance Model (TAM) was created to evaluate the implementation of the BEMS in the manufacturing industries. A structural equation modeling (SEM) approach was used to analyze the model by adopting compatibility, features, technology complexity, and perceived risk as the external variables, and integrating the five dimensions of perceived ease of use, perceived usefulness, attitude, user satisfaction, and behavioral intention. The analysis results indicated that the external factors positively influenced users' behavioral intention to use the BEMS through expected satisfaction, perceived ease of use, and perceived usefulness. Suggestions for BEMS developers are provided as well.
Introduction
In 2014, the industrial sector became the leading sector among all sectors in Southeast Asia in terms of total energy consumption, with the sector's consumption rising by an average of 4.2% per year [1] . Indonesia is currently the largest energy consumer in southeast Asia, accounting for 36% of the region's total primary consumption [2] . As noted, the sector with the greatest share of total energy consumption is the industrial sector, which accounts for 33% of the total, followed by the residential sector and the transportation sector, at 27% each, and then the commercial sector combined with other sectors at 10% [3] . As a result of the competitive environment of the energy industry in the look of the current global economic challenges [4] , Indonesia faces numerous challenges including the growing demand for energy and the increased costs associated with the energy. Achieving energy efficiency is undoubtedly one of the best strategies for companies to run and maintain sustainable processes. With a good monitoring system for controlling energy usage, companies can reduce the cost of energy consumption while also helping to preserve the environment. To mitigate the issues of high-costing energy and the growing demand for the energy, many industries have been seeking to increase the role of energy efficiency in their cost-saving program. There has also been a considerable amount of attention placed on the integration of energy-efficient technologies, including the transformation of the traditional energy control system to the smart building energy management system. However, the In accordance with the European Committee of Standardization [17] , the BEMS provides differing levels of display security options that allow different types of users (i.e., field level users such as technicians and engineer operators; supervisor level users such as supervisors, division heads, or managers; and administrator automation level users such as those individuals responsible for covering the outstation/controllers) to interact with the display information and to control the energy consumption. These different levels of display options are essential because users need to be able to recognize the energy consumption of their buildings and to analyze and improve their buildings' energy performance at different user interest levels.
Some other researchers have examined the benefits of BEMS usage in companies in term of energy efficiency [11] [12] [13] [14] [18] [19] [20] [21] [22] [23] . With those benefits in mind, this study sought to investigate the related factors that are useful to improve user responses from the perspectives of those in management. such as technicians and engineer operators; supervisor level users such as supervisors, division heads, or managers; and administrator automation level users such as those individuals responsible for covering the outstation/controllers) to interact with the display information and to control the energy consumption. These different levels of display options are essential because users need to be able to recognize the energy consumption of their buildings and to analyze and improve their buildings' energy performance at different user interest levels. Some other researchers have examined the benefits of BEMS usage in companies in term of energy efficiency [11] [12] [13] [14] [18] [19] [20] [21] [22] [23] . With those benefits in mind, this study sought to investigate the related factors that are useful to improve user responses from the perspectives of those in management. 
Research Model

Technology Acceptance Model
The Technology Acceptance Model (TAM) explains the determinants of technology acceptance in general and traces the impact of external factors on Attitude and intention. This model can be used to investigate the factors affecting user behaviors with regard to using information technology or adopting a new technology. Many studies have been conducted on information systems in order to develop and predict the factors that could influence the adoption of a technology. While there are some studies that have used other established and vigorous models, such as the Theory of Reasoned Action (TRA), the Theory of Planned Behavior (TPB), the TAM 2, and the Unified Theory of Acceptance and Use of Technology (UTAUT), recently reported empirical support has made the TAM widely popular with IT researchers, and it is considered to be the most frequently used model for analyzing user behaviors in accepting technology [3, [24] [25] [26] .
Past studies regarding energy management employed variations of the TAM and TAM2 models to explain user behavior intentions toward smart grid technologies [3, [27] [28] [29] [30] [31] [32] . Within the most recent research, four constructs, perceived ease of use (PEOU), perceived usefulness (PU), attitude (ATT), and behavioral intentions (BI), are identified as internal factors of user acceptance and usage behavior. Perceived usefulness (PU) can be defined as the degree to which a user of a technology expect that using a particular system would enhance his or her job performance, while perceived ease of use (PEOU) can be explained as the degree to which a user of a technology expect that using a particular system will not have to make any special effort [3, 10, 28, 33] . According to Davis [25] , behavioral intention is determined by the attitude toward the PU and PEOU. Attitude (ATT) can be 
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Expected User Satisfaction
Previous research investigations found that user expected satisfaction (UES) significantly affects behavioral intention to use, which is an important indicator of successful acceptance of new technology [10, 35] . UES can be described as the degree to which a user expects that the information provided will meet their needs [10] . Son et al. [30] argued that UES has a significant amount of influence on behavior intention in using new technology of mobile computing devices. However, according to Chin and Lin's study in 2015, Compatibility (C) and technological complexity (TC) have a positive influence on PU, PEOU, and ATT, which have direct positive influences on the operator's behavioral intention to use Energy Management System (EMS) [3] . Thus, we include the UES variable in our proposed model based on previous research.
External Factors
Compatibility (C), features (F), technological complexity (TC), and perceived risk (PR) are used as additional or external latent factors in this study, as shown in Table 1 .
Compatibility
Compatibility (C) processes a technology's consistency with the existing users' values, past experience, and needs [36] . Although Lowry (2002) identified the relationship between PEOU and complexity of building management system, the study did not explore the relationship between PU and compatibility. As a result, the relationship between PU and compatibility is still unclear, and it was suggested by Lowry for further investigation in future implementation of various information systems [8] . In our recent research, it is revealed that the correlation between compatibility and PU was consistent with high correlations [3] . In the development of our previous model, compatibility has been shown to be related to the BI through PU, and has significant relationship with PU, rather than PEOU [3] . Based on the results, we propose that C has a positive influence on PU (H1). 
Item Hypothesis
H1:
Compatibility (C) positively affects the Perceived Usefulness (PU) of using the BEMS [3, 36] .
H2:
Features (F) positively affect the Perceived Usefulness (PU) of using the BEMS [10, 29, 34] .
H3:
Technological complexity (TC) positively affects the Perceived Ease of Use (PEOU) of using the BEMS [3, 35] .
H4:
Perceived Ease of Use (PEOU) positively affects the Perceived Usefulness (PU) of using the BEMS [3, 24, 37] .
H5:
Perceived Usefulness (PU) positively affects the User Expected Satisfaction (UES) of using the BEMS [10, 38] .
H6:
Perceived Ease of Use (PEOU) positively affects Attitude (ATT) towards using the BEMS [3, 10, 25] .
H7:
Perceived Usefulness (PU) positively affects Attitude (ATT) towards using the BEMS [3, 10, 25] .
H8:
Perceived Ease of Use (PEOU) positively affects the User Expected Satisfaction (UES) of using the BEMS [10, 35] .
H9:
Perceived Risk (PR) positively affects the Perceived Ease of Use (PEOU) of using the BEMS [10, 39, 40] .
H10:
Perceived Risk (PR) positively affects the User Expected Satisfaction (UES) of using the BEMS [10, 41] .
H11:
User Expected Satisfaction (UES) positively affects Behavioral Intention (BI) toward using the BEMS [10, 35, 42] .
H12: Attitude (ATT) positively affect Behavioral Intention (BI) toward using the BEMS [3, 24, 42] .
Features
Features (F) can be explained as the abilities of a designed system to complete user requested tasks [10] . Kim et al. (2009) found that when advanced features were implemented, PU had a stronger impact on system usage [29] . As a result, this investigation assumes that system's features significantly and positively affect the adoption of technology through PU. Since BEMS can be used to online monitor and control energy consumption [21] , this research further argues that features increase PU and so increase users acceptance of energy management technology (H2).
Technological Complexity
Technological complexity (TC) represents as individual users perceptions regarding the effort of understanding a new technology or system [3, 35] . The influence of technological complexity on PEOU has been confirmed in previous studies [3] . Due to the difficulties of working with the new system as well as difficulties of understanding information from the system displays [35] , TC has become a major issue in the acceptance of the new system. In this BEMS study, we argue that TC positively affects PEOU (H3).
Perceived Risk
From a managerial perspective, since the BEMS is connected with the IT networking within a company, and there are many forms of confidential data in the IT systems, perceived risk (PR) is an essential factor affecting BEMS acceptance [40] . According to Chou and Gusti (2014) , PR can be defined as uncertainty that affects individuals' confidence in their decisions to use a system regarding the confidentiality and accessibility of information [10] . This study argues that perceived risk is a consideration in BEMS adoption decisions. Previous studies have argued that PR, in turn, significantly affects BI through PEOU (H9) and UES (H10).
In addition, Chou and Gusti [10] have focused on developing an acceptance model for use in residential areas, and these factors have been proven to affect user acceptance of a smart grid technology. However, since that research only focused on residential users [3] , it cannot be regarded as representative of industrial users. The present study, in contrast, did focus on industrial users, with particular attention given to managerial perspectives. To fill this research gap, we also added compatibility to the TAM (Figure 2 ) and empirically evaluated this model using a sample of 157 employees at the managerial level.
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Methods
The framework of this study employed the Technology Acceptance Model (TAM) in order to examine the implementation of BEMS in the manufacturing industries. The proposed research model is shown in Figure 2 . This study performed Structural Equation Modeling (SEM) testing for confirmatory factor analysis and goodness-of-fit for the model [43] to confirm our hypotheses.
The respondents of this study were selected from among the managerial workers of several large scale Indonesia-based manufacturing companies that have implemented the BEMS for monitoring their energy consumptions. Although a few respondents were expatriate workers from other countries such as Nigeria, Vietnam, and India, most of the managerial respondents were of Indonesian origins. This study contacted the companies and distributed 200 online questionnaire surveys from January 2015 to April 2015, with 157 valid surveys retrieved. Some of the questionnaire items were removed, due to the content failing to meet the recommended minimum measurements for either reliability or validity. The measurement items for research variables are shown in Table 2 , the responses to which were viewed as representative of the nine latent factors of technology acceptance towards the BEMS. All the responses to the questions were made and scored using a five-point Likert scale, with the individual responses ranging from "I strongly disagree" to "I strongly agree". 
Results Analysis
The analysis was carried out based on the 157 valid surveys, which were properly filled out by the managerial professional respondents. All of the respondents were from manufacturing companies in Indonesia that use the building energy management system for energy consumption monitoring. In terms of age, 24% of the respondents were 25-34 years old, while 76% were older than 34 years old. In terms of work experience, 19% of the respondents had between one and five years of experience at their current workplace, while 81% had more than five years.
As SEM is appropriate for testing the proposed model, we used the maximum likelihood method to test the fit of the model. The first step was to test the reliability and convergent validity of the survey items [43] . As illustrated in Table 3 , every single value of the factors loading in the proposed model was satisfactory and exceeded the recommended minimum measurement (0.7) [44] [45] [46] . The resulting values indicated that our model was an appropriate explanation for the dimensionality of all the factors. The next measurement was Cronbach's α. Testing results showed that all questionnaire items exceeded the recommended minimum measurement of the Cronbach's α value (0.7). The measurements of composite reliability for all items exceeded the minimum requirement (>0.6), showed that all the items pass the reliability test. All of the nine factors showed an adequate convergent validity, as they exceeded the recommended minimum measurement for the AVE measures.
In order to check the discriminant validity among the constructs, the AVE square root must be greater than the correlations with all constructs [47] [48] [49] [50] . Table 4 presents the square root of the AVE and the correlations among the constructs. The given values indicate the adequate discriminant validity of the measurements [51] .
The experimental results showed that our model surpassed the requirements of model fit. All of the indicator results meet five conditions for the recommendation of model fit. As mentioned in the measurement model testing in Table 5 , the chi-square test (X2/df ) [52] , the root mean square error approximation (RMSEA) [53] , the goodness of fit statistic (GFI) [54] , the Tucker-Lewis index (TLI) [55] , and the comparative fit index (CFI) [56] , and these indices were chosen in order to determine how well the model fits the data [57, 58] . As shown in Table 6 , all nine of the factors of this study have positive path correlations. However, out of the 12 proposed hypotheses, two were rejected (H6 and H7), and the rest were accepted. Furthermore, other findings indicated that C, F, TC, and PR would be positive predictors of behavior intention to use BEMS toward PU and PEOU. R 2 values indicate the amount of variance in the construct from the path model [47, 59] . The results indicate that the model explained 65.6% of the variance in behavior intention to use the BEMS. Similarly, 99.3% of the variance in user expected satisfaction, 2.7% of the variance in attitude, 72.6% of the variance in perceived of usefulness and 40.1% of the variance in perceived ease of use were explained by the result of paths model.
The relationship between the TAM and the external factors of BEMS is supported by the data given within Table 6 . The result shown is consistent with the previous finding within Chin and Lin's study (2015) in predicting users' intention through the PU and PEOU. All of the relationships between C (β = 0.599, p < 0.001), F (β = 0.536, p < 0.001) and PU were positive and statistically significant, and thus support H1 and H2. Furthermore, these antecedents explained 72.6% of the variance in perceived usefulness as well. The large variance of PEOU is explained by the perceived ease of use (R 2 = 0.401) being affected significantly and positively by technological complexity (β = 0.551, p < 0.001) and perceived risk (β = 0.279, p < 0.005), thus supporting H3 and H4. This meant that high compatibility, features, perceived risk, and technological complexity were strongly associated with perceived usefulness and perceived ease of use.
The results showed that neither PU (β = 0.014; p = 0.921) nor PEOU (β = 0.190; p = 0.159) had a significant effect on attitudes. In other words, since there was no sufficient statistical evidence to confirm the influence of PU and PEOU on ATT, H6 and H7 were not supported. Other findings showed that PU (β = 0.325, p < 0.001), PEOU (β = 0.375, p < 0.001), and PR (β = 0.423, p < 0.001) had significant influences on user expected satisfaction, which largely explains the large variance of user expected satisfaction (R 2 = 0.993). Similarly, the results also showed that there is a positive and significant relationship between PU, PEOU, PR, and UES, and thus H5, H8 and H10 were supported. The coefficient in between behavioral intention, user expected satisfaction (H11), and attitude (H12) were also found to be significant with a value of UES (β = 0.476, p < 0.001) and ATT (β = 0.450, p < 0.001), which again largely explained the large variance of BI (R 2 = 0.656).
Conclusions
This study addresses nine variables from the extended technology acceptance model regarding the building energy management system, and explores their causal relationships from a managerial perspective. The potential factors of compatibility, features, technological complexity, and perceived risk were incorporated as external factors into our proposed model. All of those factors influence user intention through the user expected satisfaction, perceived ease of use, and perceived usefulness factors. The results of the theoretical TAM from a managerial perspective were very useful for providing an understanding of aspects of user acceptance of BEMS technology in the manufacturing industry in Indonesia.
Overall, the SEM results supported the major hypotheses of this study and that the model adoption of the TAM was positively related to all the external factors, including compatibility, features, technological complexity, and perceived risk. These findings are consistent with previous findings related to the interactions of users with a smart grid [10, 16] . In the proposed model, most of the direct relationship hypotheses between C, F, TC, PEOU, PU, UES and BI were supported, except those regarding direct relationships with ATT. The high positive correlation between external factors and original TAM factors are consistent with previous studies [8, 10, 16] . This shows that the managerial level recognizes compatibility, features, technology complexity, and perceived risk as the dominant factors in the acceptance of BEMS. Through the factor analysis, we found that there were only insignificant direct relationships between perceived ease of use and perceived usefulness and attitude. Perceived ease of use and perceived usefulness did, however, have significant impacts on the UES. Another significant finding is that both PU and PEOU have a direct influence on user satisfaction, despite the absence of a direct relationship observed between PU, PEOU, and ATT. This result suggests that both factors, UES and ATT, were gained through PU and PEOU, differing from a prior study by Chou and Gusti [10] . In other words, this finding specifically emphasizes the importance of developing a smart-building energy management system with a satisfactory decision-maker, which was not addressed in previous studies. Nevertheless, the attitude still significantly influenced the behavior intention in line as described in TAM by Davis [24] . In our previous study, we have explored the factors affecting the acceptance of BEMS from the operator's perspective in the manufacturing sector, and concluded that compatibility and technology complexity influenced the user's intention through attitude, perceived usefulness and perceived ease of use [3] . Although all were conducted in the same industry, these studies, which were conducted at different job levels, showed different conclusions, indicating that relationships among factors are affected by differences within the job level. This is due to managers' behaviors varying from that of the operators or the field engineers, as they are the decision-makers of the industry. As a result, in our current study, the respondents are employees in managerial position. Based on the results of the present study, it clearly shows that, from a managerial perspective, user satisfaction with the system is viewed as being more important than the attitude of the users with the system. In addition, even if managerial level workers do not directly use the system, they can feel the effects of its usability after the system is up and running.
In order to understand technology acceptance from a managerial perspective, we developed a revised model with reconstructed variables from the proposed model. The relationships among the primary factors were significant in the final model, as explained in the path relation model (Figure 3) . The contribution of this study is to examine the relation of compatibility, features, technology complexity, and perceived risk as important variables to the behavioral intention. The results of our study support the conclusion that technical factors, such as compatibility, features, and technological complexity, are important concerns in the BEMS acceptance study. Therefore, the BEMS are supposed to deliver diverse duties into suitable computational systems in order to minimize their complexity, while still providing many features to meet management needs. The BEMS corporation ought to consider compatibility in their program application and features, as well as the technological complexity of their interface system to enhance the user experience in using the system. In light of these results, BEMS developers should maximize both the usefulness and ease of use of the BEMS since satisfaction depends heavily on these two factors. Specifically, BEMS developers should improve the user expected satisfaction of BEMS in terms of supporting energy-savings programs and government sustainability programs. Moreover, for data safety concerns and other risks, BEMS developers must also be able to ensure that data are secure from hackers and data error by implementing a cloud networking system that users would be able to access in order to monitor the history of energy consumption in their department from anywhere and at any time. The results of this managerial perspective study also indicate that various industries, especially those in developing countries, are willing to use BEMS in order to control, monitor, and analyze their energy consumption levels. shows that, from a managerial perspective, user satisfaction with the system is viewed as being more important than the attitude of the users with the system. In addition, even if managerial level workers do not directly use the system, they can feel the effects of its usability after the system is up and running. In order to understand technology acceptance from a managerial perspective, we developed a revised model with reconstructed variables from the proposed model. The relationships among the primary factors were significant in the final model, as explained in the path relation model ( Figure  3) . The contribution of this study is to examine the relation of compatibility, features, technology complexity, and perceived risk as important variables to the behavioral intention. The results of our study support the conclusion that technical factors, such as compatibility, features, and technological complexity, are important concerns in the BEMS acceptance study. Therefore, the BEMS are supposed to deliver diverse duties into suitable computational systems in order to minimize their complexity, while still providing many features to meet management needs. The BEMS corporation ought to consider compatibility in their program application and features, as well as the technological complexity of their interface system to enhance the user experience in using the system. In light of these results, BEMS developers should maximize both the usefulness and ease of use of the BEMS since satisfaction depends heavily on these two factors. Specifically, BEMS developers should improve the user expected satisfaction of BEMS in terms of supporting energy-savings programs and government sustainability programs. Moreover, for data safety concerns and other risks, BEMS developers must also be able to ensure that data are secure from hackers and data error by implementing a cloud networking system that users would be able to access in order to monitor the history of energy consumption in their department from anywhere and at any time. The results of this managerial perspective study also indicate that various industries, especially those in developing countries, are willing to use BEMS in order to control, monitor, and analyze their energy consumption levels. This study gives two implications for practitioners and researchers studying BEMS. The first implication is the ability of the extended TAM to be applied within the context of the new smartbuilding energy management system. As shown in the results of our proposed model, the four external variables have a positively significant impact on the acceptance of BEMS by those within the managerial level. The second implication is the tendency of users within the managerial level to put more emphasis on the amount of user satisfaction received during use of the system rather than on their attitude of the user towards the system itself. As a result, managerial users in industry have an increased tendency to make rational decisions based on the total satisfaction received while using the system. However, users within the operator level put more emphasis on the technical factors of the This study gives two implications for practitioners and researchers studying BEMS. The first implication is the ability of the extended TAM to be applied within the context of the new smart-building energy management system. As shown in the results of our proposed model, the four external variables have a positively significant impact on the acceptance of BEMS by those within the managerial level. The second implication is the tendency of users within the managerial level to put more emphasis on the amount of user satisfaction received during use of the system rather than on their attitude of the user towards the system itself. As a result, managerial users in industry have an increased tendency to make rational decisions based on the total satisfaction received while using the system. However, users within the operator level put more emphasis on the technical factors of the system such as compatibility and technology complexity on their attitudes to use a new technology. Therefore, the developers should factor in considerably the managerial perspective when planning to develop smart grid technology.
There were several limitations of this study, with the most noticeable limitation being the respondents' demographic profiles. Since the respondents were all managerial workers in large scale manufacturing companies, the participants may not represent all of the workers within the industrial sector. Additionally, all of the participants were residing in Indonesia, which, although currently the largest energy consumer country in ASEAN, is still a developing country. It may also be noted that the results of similar studies conducted within developed countries and in sectors outside the manufacturing sector may vary from those of this study. As a result, further research on the implementation of BEMS, such as a comparative study, is suggested to be conducted between the managerial level and operator level as well as within other countries and sectors in order to balance the theoretical aspects of both management and operations, and thus be able to develop a more comprehensive model for BEMS.
